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PARKING ASSISTANCE 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a parking assistance for a 
vehicle . 

[0002] The invention also relates to a navigation module for a 
vehicle . 

[0003] The invention also relates to a method for parking for 
a vehicle. 

[0004] Known parking assistance systems work with navigation 
for the parking operation based on stored data records for 
various parking space lengths. These methods use up a great deal 
of memory capacity. 

[0005] Other methods of navigation for parking are performed 
with a calculation from a [sic; end of paragraph] 

[0006] In addition, parking operations are possible by 
navigation based on given geometric formulas such as the circle, 
line or clothoid path. These navigation methods are relatively 
computation-intensive and usually result in inconvenient parking 
paths . 

[0007] The object of this invention is to create a parking 
assistance system that will permit automatic guidance of the 
vehicle or supportive guidance for the driver in a relatively 
simple and convenient manner. 
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SUMMARY OF THE INVENTION 

[0008] This object is achieved by a parking assistance system 
for a motor vehicle, which is characterized in that the parking 
assistance permits autonomous driving or steering of the vehicle 
on a path for parking or a driver of the vehicle in a parking 
operation on the path for parking the vehicle by means of a 
steering moment applied to the steering wheel whereby the driver 
is guided on the path assisting the driver of the vehicle by at 
least one artificial steering stop, preferably one or two 
artificial steering stops, and the path for parking the vehicle 
is divided into a maneuvering path in the area of the parking 
space and an approach path prior to the maneuvering path. 

[0009] In an embodiment according to this invention, 
convenient instructions are given to the driver by means of 
haptic feedback. This ensures that the driver will or will 
intentionally concur with these instructions during the parking 
operation. 

[0010] In an alternative embodiment according to this 
invention, the vehicle is automatically guided into a parking 
space on a certain path. 

[0011] According to this invention, the navigation is divided 
into a reliable maneuvering path in the critical area of the 
parking space and a convenient approach path. 

[0012] This object is achieved by a navigation module for a 
vehicle, in particular for a parking assistance according to the 
invention, said navigation module being characterized in that the 
path for parking the vehicle is divided into a maneuvering path 
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in the area of a parking space and an approach path prior to the 
maneuvering path. 

[0013] This object is also achieved by a method for parking a 
vehicle which is characterized in that the method permits 
autonomic driving or steering of the vehicle on a path for 
parking or assists the driver of the vehicle in a parking 
maneuver in which a steering torque is applied to the steering 
wheel and at least one artificial steering stop, preferably one 
or two artificial steering stops . are generated and in which the 
driver is guided by the artificial steering stop on the path for 
parking the vehicle, and the path for parking the vehicle is 
divided into a maneuvering path in the area of a parking space 
and an approach path prior to the maneuvering path. 

[0014] A reduction in computation expense can be achieved 
according to this invention by stretching a path calculated for 
the minimal parking space. 

[0015] According to this invention at least a partial area of 
the approach path is determined on the basis of one or more 
polynomials, preferably 2 to 3 polynomials. 

[0016] According to this invention a starting point of the 
approach path to the parking path, determined on the basis of at 
least one polynomial, is determined as a function of the position 
of the vehicle to be parked. 

[0017] According to this invention a starting point of the 
approach path determined on the basis of the at least one 
polynomial is determined, this approach point lying on the path 
for parking the vehicle on a circular path or a clothoid path 
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situated in front of it depending on the starting position of the 
vehicle . 

[0018] According to this invention, the maneuvering path is 
formed from an arc of a circle. 

[0019] According to this invention, the arc of the circle 
which normally makes it possible to pass the corners is 
shortened, with the length of the arc of the circle being 
selected so that the front right corner of a vehicle to be parked 
in reverse just passes left rear corner of an object bordering 
the parking space at the front. 

[0020] The starting point to the parking path is preferably 
selected for vehicles that are at a great distance from the 
parking space and are to be parked at a flat angle to the parking 
space, so that the starting point is close to the turning point 
because an elongated approach path entails a direct route and 
only a short maneuvering into the opposite driving path. 

[0021] However, the starting point to the parking path is set 
late on the clothoid path or directly on the circular path for 
vehicles close to the parking space or to be parked at a steep 
angle to the maneuvering path to maintain the largest possible 
starting area for the parking operation and avoid unnecessary 
steering maneuvers. 

[0022] The starting point may be selected in discrete 
increments or continuously on the clothoid path for cases between 
the two conditions mentioned above, in which case the length of 
the arc of the circle is selected so that the front right corner 
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of a vehicle to be parked in reverse just passes the left rear 
corner of an object bordering the parking space for the front. 

[0023] According to this invention, at least one clothoid path 
is attached to the circle, reducing deflection into the opposing 
path of travel, on the arc of the circle before the turning point 

(in the direction of the maneuvering path) . 

[0024] According to this invention, the path for the smallest 
possible parking space is adapted to the real parking space by 
segments . 

[0025] The navigation for parking backwards is preferably 
provided, the path being planned according to data regarding the 
parking space in relation to the vehicle and the path of the 
vehicle into the parking space. 

[0026] The invention will now be explained in greater detail 
on the basis of two figures (Figure 1 and Figure 2) below as an 
example . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In the figures: 

[0028] Figure 1 shows the known path of a parking maneuver as 
a series of two arcs of circles. 

[0029] Figure 2 shows the path of a parking maneuver according 
to this invention by a series of an arc of a circle and a path 
based on a polynomial. 
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[0030] The alignment of two arcs 1, 2 about a turning point 14 
as illustrated in Figure 1 allows the vehicle 3 to be parked in 
the smallest possible parking space 6 between a vehicle 4 and a 
vehicle 5. 

[0031] However, this path requires stopping the vehicle 3 at 
the turning point 14. In addition, steering and vehicle are under 
a great load. 

[0032] According to this invention, various possible paths in 
the parking maneuver are evaluated with regard to different 
factors. In particular paths that are taken into account are 
those requiring a short length of the smallest possible parking 
space, a short maneuvering of the front of the vehicle into the 
opposing path of travel, a low required change in steering angle, 
a low maximum required steering angle and a low computation 
expense for a driving path. 

[0033] Taking these factors into account, a combination of an 
arc of a circle after the turning point and the insertion of a 
double clothoid path according to this invention constitutes an 
improvement of the path. This permits a steady course of the 
steering angle. In addition, a clothoid arc may be inserted at 
the beginning of the arc 1 (see Figure 1) in the direction of the 
vehicle 3 being maneuvered to adapt the curvature of the path at 
the endpoint to the yaw angle of the vehicle. 

[0034] This approach connects a limited change in steering 
angle with a minimal maneuvering into the opposing driving path 
under these circumstances and achieving minimal parking spaces. 
Furthermore, it requires a low computation expense because the 
path need not be checked for collision. 
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[0035] A change in steering angle that is even more acceptable 
to the driver is achieved according to this invention by 
calculating the path by using a fifth order polynomial: 

y- f(x) = a 0 x° +^2 x2 +03* 3 +a A x A +a 5 x 5 (!) 



where the individual coefficients are determined from the 
following secondary conditions: 
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[0036] These secondary conditions are selected so that smooth 
steering at the transitions is made possible. 

[0037] If the polynomial is used to calculate the complete 
parking space, this still does not always ensure that the vehicle 
to be parked will pass by the front corner of vehicle 5 without 
colliding with it. 

[0038] Taking into account the aforementioned factors, the 
approach depicted in Figure 2 is made possible in particular, 
namely the approach with a combination of an arc 13 after the 
deflection point 15, which permits reliable maneuvering of the 
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vehicle 3 into the parking space 6 between two vehicles 4, 5 and 
driving the vehicle on this arc 13 through a polynomial that is 
aligned at a starting point such as a starting point 16 on the 
arc. 

[0039] There is no danger of the vehicle having a collision in 
the parking space 6 if it follows the path. 

[0040] If the vehicle is a very great distance away from the 
parking space, a polynomial might lead too far into the opposing 
driving path or to a path that forces a lateral stop at the front 
of the vehicle. 

[0041] If the vehicle has driven very far past the parking 
space, there is the risk that a polynomial that extends far into 
the opposing path may be calculated. Then according to this 
invention, a clothoid path is to be attached to the arc of the 
circle, thereby reducing such deflection. 

[0042] The starting point of the polynomial and the collision- 
proof parking trajectory (path) is in this case a function of the 
standing point of the vehicle 3 but at the latest on the arc 13 
at the deflection point 15, resulting in paths like 10, 11 or 12, 
depending on which is used. 

[0043] In an alternative possibility for avoiding too great a 
maneuver into the opposing path with parking spaces at a greater 
distance, provisions are allowed for shortening the arc. The 
length of the arc here is selected so that the front right corner 
of the vehicle 3 to be parked just passes by the rear left corner 
of the vehicle 5. This approach has the advantage that the 
steering movement is much more convenient. However it requires a 
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check on the boundary conditions to ascertain whether the planned 
path is drivable and whether optionally a new plan with a less 
shortened arc is necessary. 

[0044] To minimize computation expense, the method only 
determines the polynomial relatively between vehicle 3 and 
starting point 13 on the arc of the circle. To do so, the arc of 
the circle is stored only for the smallest possible parking 
space. The length of the arc of the circle is selected so that 
the front right corner of the vehicle 3 to be parked just passes 
by the left rear corner of the vehicle 5. This method has the 
advantage that it greatly simplifies checking on the boundary 
conditions, i.e., whether the planned path is drivable. 

[0045] According to this invention, a check is performed to 
determine whether the right corner of the vehicle 3 being parked 
will collide with vehicle 5, whether the left corners of the 
vehicle 3 being parked come into the opposing driving path, 
whether the maximum steering angle is exceeded and whether the 
maximum steering angle speed [sic; steering angle] is exceeded. 

[0046] These checks are performed either approximately using 
simple mathematical basic operations with the addition of safety 
margins or accurate calculations are performed with the addition 
of trigonometric functions or by analyzing an engine 
characteristics map, depending on the available hardware and 
computing power in the vehicle. 

[0047] Since only the path described by the polynomial need be 
tested, certain operations (e.g., determination of the first and 
second derivations) may already be solved symbolically in 
advance . 
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[0048] In ascertaining drivability by analyzing an engine 
characteristics map, the input data used includes the vehicle 
position, the vehicle yaw angle and the vehicle steering angle, 
based on the minimum possible parking space. With these four 
inputs, it is possible to determine from the engine 
characteristics map whether safe parking is possible. The engine 
characteristics map is calculated in advance (offline) and is 
available in fixed form in a memory in the control unit. Based on 
scalability, the information obtained in this way is used for 
parking spaces of any size. 

[0049] To further reduce the computation expense, the method 
determines only the polynomial relatively between the vehicle and 
the starting point on the fixed parking trajectory (parking 
path) . This is then stored only for the smallest possible parking 
space . 

[0050] If the available parking space is larger than the 
minimum possible parking space, then a scaling factor is 
determined in y direction based on the smallest possible parking 
space. This is done in such a way that the minimum distance 
between the front right corner of the vehicle 3 being parked and 
the left rear corner of the vehicle 5 is always constant. 

■[0051] Then the fixedly stored standard arc of the circle is 
scaled in y direction using this factor and connected to the 
vehicle via a polynomial. 

[0052] Thus the maximum steering angle and the change in 
steering angle are reduced while at the same time the certainty 
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that the vehicle will not collide in driving the path 
retained. 
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